Sera from immunoinfertile patients (n = 32) and fertile controls (n = 20) were analyzed for cross-reaction with a purified and characterized sperm-specific glycoprotein, the fertilization antigen (FA-1), employing an enzyme-linked immunosorbent assay. The immunoinfertile sera demonstrated a strong reaction with FA-1 when compared with fertile control sera. There was no correlation between the reaction of sera with FA-1 and the titers obtained through the sperm agglutination technique and the sperm immobilization technique. Immunoinfertile sera showed binding with the protein bands in the regions corresponding to FA-1 on Western blots involving sodium deoxycholate-solubilized human sperm. Antigens isolated with immunoaffinity chromatography involving immunoinfertile sera also demonstrated antigen bands corresponding to FA-1 in sodium dodecyl sulfate-polyacrylamide gel electrophoresis. Of the seven immunoinfertile couples, three that had antibodies to FA-1 in the male as well as female partners demonstrated a block of fertilization (IVF) due to antibodies bound on the sperm surface. The anti-FA-1 antibody activity was detected in serum as well as in follicular fluid and seminal plasma. Immunoinfertile sera that showed an inhibition of human sperm penetration of zona-free hamster ova showed a significant (P < 0.001) increase in penetration rates after absorption with FA-1. These results indicate that sera from immunoinfertile patients had antibodies reacting with FA-1, and these antibodies are involved in the fertilization process.
Introduction
Antispermatozoal antibodies have been implicated in involuntary infertility in humans (1) (2) (3) (4) (5) . These antibodies inhibit human sperm penetration of zona-free hamster ova (6) and also reduce fertilization rates in in vitro fertilization-embryo transfer (IVF-ET)' procedure (7) . The inhibition of fertiliza- 1 . Abbreviations used in this paper: AAFS, affinity-purified antigens isolated with fertile serum; AAIS, affinity-purified antigens isolated with immunoinfertile serum; BWW, Biggers, Whitten, and Whittingham medium; DOC, sodium deoxycholate; FA-l, fertilization antion rates may be due to interference in either the capacitation and acrosome reaction; zona binding and penetration and/or sperm-egg plasma membrane recognition and fusion. Antispermatozoal antibodies present in infertile sera are directed against numerous sperm antigens. Recently, using the Western blot procedure, attempts have been made to delineate antigens relevant to fertility (8) . There are only a few sperm-specific antigens such as LDH-C4, acrosin, and hyaluronidase that have been isolated in purified form and characterized. But these antigens rarely, if ever, react with the sera from immunoinfertile patients (9) .
Recently, we isolated and characterized a sperm-specific glycoprotein, the fertilization antigen (FA-1), from human and murine male germ cell plasma membranes (10) . The tissuespecific but species-cross-reactive monoclonal antibodies against FA-1 inhibit human sperm penetration of zona-free hamster ova and also block penetration of murine oocytes by murine sperm; they do so without causing agglutination or immobilization of sperm (1 1). The FA-l also causes a reduction of fertility in actively immunized female rabbits by mechanism(s) involving an inhibition of the fertilization process (12). The present studies describe the presence of antibodies reacting with FA-1 in the sera of immunoinfertile patients. These studies further aim at obtaining relevant information regarding (a) the effects of the presence of anti-FA-1 antibodies on the outcome of IVF procedure, and (b) the effects of absorption of immunoinfertile sera with FA-1 on human sperm penetration of zona-free hamster oocytes.
Methods
Fertilization antigen (FA-J). FA-I was purified from lithium diiodosalicylate (LIS)-solubilized murine testes by immunoaffinity chromatography involving monoclonal antibodies (10) . Two-dimensional polyacrylamide gel electrophoresis (2D-PAGE), high-performance liquid chromatography (HPLC), density gradient ultracentrifugation, and amino acid analysis indicated that the purified antigenic molecule is composed ofa monomer of23,000 D and/or a dimer of47,000-50,000 D (10) . Each batch of FA-I was tested for its homogeneity. Only those batches that showed specific bands of 23,000 and/or 47,000-50,000 D in sodium dodecyl sulfate (SDS)-PAGE when stained with ultrasensitive silver stain, were used in the present study.
Patient sera. Sera (n = 32) were collected from immunoinfertile patients, males and females (24-37 yr old), who demonstrated antisperm antibodies in their sera as revealed by the sperm agglutination technique (SAT) (13) and/or the sperm immobilization technique (SIT) (14) . These sera will be referred to as immunoinfertile sera. 12 of these sera were collected from seven infertile couples admitted to Western blot enzyme immunobinding procedure. Antigenic specificities ofthe antisera and monoclonal antibodies were evaluated by the Western blot enzyme immunobinding procedure described earlier (15, 16) . Briefly a -1-2.5 mg protein solution of DOC (15 mM in 0.05 M Tris-HCl, pH 8.0)-solubilized washed ejaculated human sperm membrane preparation (pooled from three or more donors) was run under nonreducing conditions in the slab SDS-PAGE (10% polyacrylamide gel) according to the procedure described by Laemmli (17) . Immediately after electrophoresis, the protein bands were electrophoretically transferred from the slab gel to nitrocellulose paper by the method of Towbin et al. (18) . The reacted antigens were localized by incubating the strips of blotted nitrocellulose paper with sera (1:50) diluted in incubation buffer (50 mM Tris HC1, 150 mM NaCl, 5 mM EDTA, 0.25% gelatin, 0.05% NP-40, pH 7.4), goat anti-rabbit or goat antimouse or goat anti-human gamma immunoglobulins conjugated to peroxidase (1:800), and finally with the substrate solution (0.001% p-chloro-l-naphthol in 0.05 M Tris HC1, pH 7.4, containing 0.03% H202) as described earlier (15, 16) .
Enzyme-linked immunosorbent assay (ELISA). ELISA was performed using antigen-coated discs (6-mm diameter, Cordis Laboratories Inc., Miami, FL). These discs are made of a poly-tetrafluorethylene)-styrene graft copolymer substituted with isothiocyanate groups.
-3 ,g of the purified FA-1, showing specific band(s) in SDS-PAGE, was dissolved in 5 ml of carbonate buffer (0.1 M, pH 9.6) and the solution was incubated with 20 discs overnight at 4°C. The discs were washed three times for 5 min each with phosphate-buffered saline (PBS, pH 7.4) containing 0.05% Tween 20 (PBS-Tween). To block the nonspecific binding sites, the discs were incubated with PBS-Tween plus 1% human serum albumin (HSA) at 37°C for 45 min and again washed three times with PBS-Tween. The discs were transferred individually into glass tubes and incubated with 1.0 ml of the serum (1: 10 diluted in PBS-Tween + 0.5% HSA) at 37°C for 2 h. The discs were washed three times with PBS-Tween and incubated with 1.0 ml ofgoat anti-human immunoglobulin conjugated with alkaline phosphatase (1:1,500 diluted in PBS-Tween + 0.5% HSA) at 37°C for 1.5 h. The alkaline phosphatase conjugate (1:1,500 diluted) of goat anti-rabbit or anti-mouse immunoglobulin was used as the secondary antibody when using rabbit antiserum and hybridoma supernatant containing monoclonal antibodies, respectively. The discs were washed five times with PBS-Tween, transferred to new glass tubes, and incubated with 1 IVF procedure. The details of IVF procedure has been described elsewhere (19) . A combination of clomiphene citrate (Serophene, Serono, Randolph, MA) and human menopausal gonadotropin (Pergonal, Serono) was used to enhance multiple follicle development, which was monitored by ultrasound and serum estradiol concentrations. Patients demonstrating no spontaneous luteinizing hormone surge were injected with human chorionic gonadotropin (10,000 U of hCG, Profasi HG; Serono). 34 h after the hCG injection, a laproscopic retrieval of the oocytes was performed as reported before (19) . The oocytes were obtained from follicles in follicular fluid or follicular flush in Dulbecco's PBS. They were identified as 'mature' if they had fully expanded and stretchable homogeneous culumus (> 4 cm) with a radiating corona layer and a visible polar body, as 'intermediate' preovulatory oocytes if they had less stretchable granular appearing cumulus (< 2 cm) without a radiating corona layer, or as 'immature' if they had an intact germinal vesicle and had neither a cumulus nor a polar body. Within 2 min of retrieval, they were transferred to a preequilibrated Ham's F-10 medium containing 7.5% heat-inactivated (560C, 30 min) fetal cord serum (FCS) pretested in a 72-h culture of two-cell murine embryos (20) . Ham's F-l0 (pH 7.69, 280 mosmol/kg) was prepared as described by Lopata et al. (21) . A fresh semen sample was collected from the male partner and liquefied at 370C for 30 min. The semen was analyzed as described earlier (22) . Immediately after the liquefaction, the semen was overlayed with Ham's F-10 medium containing 7.5% FCS (8 ml). After 30 min at 37°C, the motile sperm in the overlay were centrifuged (500 g, 5 min), washed twice with Ham's F-10 medium containing 7.5% FCS, and 66,000 motile sperm were added to each dish having oocytes in 2 ml of the Ham's F-10 containing 7.5% FCS. Before insemination, oocytes were incubated (37°C, 5% CO2 and 95% air mixture) for 5-9 h (mature), 10-23 h (intermediate), and 27-30 h (immature). They were examined 15 h after insemination for fertilization. They were defined as 'fertilized' if they had two pronuclei and a second polar body. The fertilization was further confirmed by the ability of the fertilized oocyte to cleave in the growth medium (Ham's F-10 containing 15% FCS). Spermatozoa were observed for any agglutination and loss of motility in the insemination medium. The zonae pellucidae were also checked for the sperm binding. The presence of anti-FA-1 antibodies were checked retrospectively and compared with the fertilization rates. The IVF performed in infertile patients who did not have antibodies to FA-1 served as controls.
Immunoaffinity chromatography. Immunoaffinity chromatography was performed as described elsewhere (10, 15 For absorption experiments, the antigen preparations, namely the FA-1, affinity-purified antigens isolated using immunoinfertile serum (AAIS), and the affinity-purified antigens isolated using fertile serum (AAFS), were dialyzed overnight against BWW medium. 10-20 Al of the dialyzed antigen preparations containing 10.3-20.6 Mg of the protein were incubated (37°C, 30 min) with 20 Ml of the serum or hybridoma supernatant, and the resultant mixture was then incubated with 160-170 M1 of sperm suspension as described above and ova were tested for sperm penetration.
Statistical analysis. Significance of differences was based on Chisquare analysis or unpaired Student's t test. The correlation was checked by analyzing for linear regression.
Results
The FA-1 isolated from human or murine testes used in ELISA showed a single band of 23,000 (monomer) and/or 47,000-50,000 D (dimer) in SDS-PAGE (Fig. 1, C and B, respectively). The monoclonal antibodies raised against FA-1 reacted with a specific protein band of 23,000 D on Western blot of DOC-solubilized washed human sperm (Fig. 1 D) reacted with both monomeric and dimeric forms of FA-1 on Western blots (Fig. 1 E) . The rabbit antiserum (No. 102) raised against DOC-solubilized human sperm reacted with numerous protein bands, including one in the region of 47,000 D (Fig.  1 F) . Reaction ofsera with FA-J in ELISA. Sera from 20 fertile males and females showed either a weak or no reaction with (Table I) . For example, the serum No. 22, which had a titer of 1/4 in SIT and was negative in SAT, showed the same absorbance value (0.113) as another serum, No. 27, which had a titer of 1/16 in SIT and of 1/1,024 in SAT. 11 sera (11/32) that were negative in SAT (e.g., No. 31) and 10 sera (10/32) that were negative in SIT (e.g., Nos. 25 and 34) showed strong reactions (absorbance values, 0.181, 0.109, 0.105, respectively) with FA-1. However, fertile sera that were negative in both SAT and SIT did not react with FA-1.
Presence of anti-FA-J antibodies and fertilization rates in IVF procedure. The presence of anti-FA-I antibodies and the fertilization rates in the seven infertile couples have been summarized in Table II 25 , 38, 50, respectively), showed a complete inability of the husband's sperm to fertilize the spouse's oocytes in the IVF procedure (Table II) . Fertilization failure was not due to agglutination or loss of motility of sperm; sperm maintained good motility and forward progression throughout the insemination period and bound to the zona pellucida ofthe oocytes (Fig. 3 A) . However, the penetration into the oocytes was completely blocked and none of the oocytes (n = 14) was fertilized. Both partners of these three couples demonstrated antibodies to FA-1 (Fig. 2) . In males, antibodies were present in serum and seminal plasma; in females, they were found in serum as well as in follicular fluid (Table II) . Sera from these male partners (No. 38, 25, 50) reacted with protein bands of various molecular identities ranging from 14,000 to > 97,000 D on Western blot involving a DOC-solubilized human sperm (Fig. 4, A, B , and C, respectively). However, all of them reacted with a protein band in the region of 47,000-50,000 D corresponding to dimeric form of FA-1. Sera from fertile controls (No. 3, 7, 1 1) did not react with any protein band in this region (Fig. 4, D , E, and F, respectively). The remaining four infertile couples showed a mean fertilization rate of 75%. In these couples, the husband's sperm fertilize the spouse's oocytes (Fig. 3 B) , which subsequently cleaved to form normal embryos (Fig. 3 C) . In these couples, only female partners demonstrated anti-FA-1 antibodies that were present in serum as well as in follicular fluid. The male partners did not show any anti-FA-1 antibody activity in serum nor in the seminal plasma.
Analysis of sperm antigens purified using immunoaffinity chromatography. The fraction eluted at pH 2.8 from the immunoaffinity column that had immunoglobulins from serum of an infertile male (No. 38), whose sperm failed to fertilize the spouse's oocytes, demonstrated at least seven antigens of 23,000, 47,000, 50,000, 54,000, 56,000 and two of > 97,000 D, respectively, in SDS-PAGE after staining with ultrasensitive silver stain (Fig. 4 G) . This fraction henceforth will be mentioned as AAIS. The fraction eluted at pH 2.8 from the immunoaffinity column containing immunoglobulins from serum of a fertile male (No. 1 1), who sired a healthy baby, demonstrated at least five antigens of 14,000, 14,800, 34,000, and 97,100 D, respectively, in SDS-PAGE after staining with silver stain (Fig. 4 H) . This fraction, henceforth, will be mentioned as AAFS.
Effects ofabsorption ofantibodies with FA-I on sperm penetration assay. Both sera (tested at 10% dilution), one from an infertile male (No. 38) (SAT titer, 1/64; SIT titer, 1/8; anti-FA-1 absorbance value, 0.162) and another from an infertile female (No. 35) (SAT titer, 1/512; SIT titer 1/4, anti-FA-l absorbance value, 0.142), inhibited human sperm penetration of zona-free hamster oocytes, when compared with fertile controls. (No. 11) . The hybridoma supernatant containing monoclonal antibodies to FA-1 also inhibited SPA (penetration rates, infertile serum No. 38, 13%; infertile serum No. 35, 24%; control serum No. 11, 78%; monoclonal antibodies, 13%) (Table III) . Incubation of immune sera with FA-1 before testing them in SPA, significantly (P < 0.001) increased the penetration rates, whereas incubation with AAFS did not show any effect on the penetration rates (Table III) . Similarly, incubation of monoclonal antibodies with FA-1 or with AAIS significantly (P < 0.001) increased the penetration rates, while incubation with AAFS was without any effect. Incubation of control serum (No. I 1) with FA-1 did not effect the penetration rates significantly. These results have been summarized in Table III .
Discussion
The results of the present investigation suggest that sera from immunoinfertile patients react strongly with the FA-1 while sera from fertile controls showed a minimal or no reaction. The minimal reactions observed with some of the fertile sera can be attributed to "immunologic background noise". There (3, 27) have previously shown that these are sperm antibodies of the IgA class present on the sperm which are more potent inhibitors of fertilization in vitro. Sera from these male partners of three infertile couples which showed a complete block of fertilization in vitro bound to various protein bands in the Western blot procedure. However, all of these sera showed binding to 47,000-50,000 D region, which corresponds to the dimeric form of FA-1. None ofthe sera from fertile controls bound to a protein band in this region though they bound to protein bands in other regions. These results indicate that besides the presence of antibodies to FA-1, these infertile sera also had antibodies reacting with various other sperm antigens. One (No. 38) of these infertile sera, when used in immunoaffinity chromatography, yielded at least seven antigens belonging to various molecular identities, including bands in the region of 47,000-50,000 D that were absent in the antigen fraction purified using fertile serum. These cumulative results indicate that sera of immunoinfertile patients had antibodies reacting with FA-1. However, just the presence of antibodies to FA-1 does not indicate that they are involved in infertility, especially when there are numerous antibodies present in sera which react with several other sperm antigens. We examined the role of anti-FA-1-antibodies in fertilization by immunoabsorption experiments. The immunoinfertile sera that showed reduced penetration rates in SPA demonstrated an increase after absorption with FA-1. These results can be explained by neutralization of the antibodies specifically directed against FA-1, which were otherwise causing an inhibition of the penetration rates. Incubation of control serum with FA-1 did not affect penetration rates, indicating that FA-1 per se was not causing a direct effect on sperm penetration. Interestingly, FA-1, as well as AAIS neutralized the FA-1 monoclonal antibodies that otherwise inhibited the sperm penetration. These results further confirm that immunoinfertile serum (No. 38) had antibodies to FA-1 and these antibodies were involved in causing an inhibition of the fertilization process. Similar results were obtained independently in another laboratory. In these studies, the FA-1 absorbed the antibodies present in sera of immunoinfertile patients and increased the sperm binding in a dose-dependent fashion (28) .
In conclusion, our data indicate that sera from immunoinfertile patients had antibodies reacting with FA-1 and these antibodies seem to be involved in the fertilization process.
Thus, the FA-1 will provide a basis for specific diagnosis and treatment of immunoinfertility in humans.
